UNCLASSIFIED 


AD  NUMBER 


ADB259894 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Proprietary  Info.;  Jul  99. 
Other  requests  shall  be  referred  to  U.S. 
Army  Medical  Research  and  Materiel 
Command,  504  Scott  St.,  Fort  Detrick,  MD 
21702-5012. 


AUTHORITY 


USAMRMC  Itr,  17  Jun  2002 


THIS  PAGE  IS  UNCLASSIEIED 


GRANT  NUMBER  DAMD17-98-1-8075 


TITLE:  The  Essential  Role  of  Protein  Phosphatase-1  in  Mitogenic 
Signaling  and  Breast  Cancer 


PRINCIPAL  INVESTIGATOR:  Carey  J.  Oliver 


CONTRACTING  ORGANIZATION:  Duke  University  Medical  Center 

Durham,  North  Carolina  27710 


REPORT  DATE:  July  1999 


TYPE  OF  REPORT:  Annual  Summary 


PREPARED  FOR: 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Distribution  authorized  to  U.S.  Government  agencies 
only  (proprietary  information,  July  1999) .  Other  requests  for  this  document 
shall  be  referred  to  U.S.  Army  Medical  Research  and  Materiel  Command,  504 
Scott  Street,  Fort  Detrick,  Maryland  21702-5012. 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


20001121  094 


NOTICE 


USING  GOVERNMENT  DRAWINGS,  SPECIFICATIONS,  OR  OTHER 
DATA  INCLUDED  IN  THIS  DOCUMENT  FOR  ANY  PURPOSE  OTHER 
THAN  GOVERNMENT  PROCUREMENT  DOES  NOT  IN  ANY  WAY 
OBLIGATE  THE  U.S.  GOVERNMENT.  THE  FACT  THAT  THE 
GOVERNMENT  FORMULATED  OR  SUPPLIED  THE  DRAWINGS, 
SPECIFICATIONS,  OR  OTHER  DATA  DOES  NOT  LICENSE  THE 
HOLDER  OR  ANY  OTHER  PERSON  OR  CORPORATION;  OR  CONVEY 
ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE,  USE,  OR  SELL 
ANY  PATENTED  INVENTION  THAT  MAY  RELATE  TO  THEM. 

LIMITED  RIGHTS  LEGEND 

Award  Number:  pAMDl7-98-l-8075 

Organization:  Duke  University  Medical  Center  \ 

Location  of  Limited  Rights  Data  (Pages) : 

Those  portions  of  the  technical  data  contained  in  this  report  marked  as 
limited  rights  data  shall  not,  without  the  written  permission  of  the  above 
contractor,  be  (a)  released  or  disclosed  outside  the  government,  (b)  used  by 
the  Government  for  manufacture  or,  in  the  case  of  computer  software 

documentation,  for  preparing  the  same  or  similar  computer  software,  or  (c) 
used  by  a  party  other  than  the  Government,  except  that  the  Government  may 
release  or  disclose  technical  data  to  persons  outside  the  Government,  or 
permit  the  use  of  technical  data  by  such  persons,  if  (i)  such  release, 

disclosure,  or  use  is  necessary  for  emergency  repair  or  overhaul  or  (ii)  is  a 
release  or  disclosure  of  technical  data  (other  than  detailed  manufacturing  or 
process  data)  to,  or  use  of  such  data  by,  a  foreign  government  that  is  in  the 
interest  of  the  Government  and  is  required  for  evaluational  or  informational 
purposes,  provided  in  either  case  that  such  release,  disclosure  or  use  is  made 
subject  to  a  prohibition  that  the  person  to  whom  the  data  is  released  or 
disclosed  may  not  further  use,  release  or  disclose  such  data,  and  the 
contractor  or  subcontractor  or  subcontractor  asserting  the  restriction  is 
notified  of  such  release,  disclosure  or  use.  This  legend,  together  with  the 

indications  of  the  portions  of  this  data  which  are  subject  to  such 

limitations,  shall  be  included  on  any  reproduction  hereof  which  includes  any 
part  of  the  portions  subject  to  such  limitations. 

THIS  TECHNICAL  REPORT  HAS  BEEN  REVIEWED  AND  IS  APPROVED  FOR 
PUBLICATION. 


REPORT  DOCUMENTATION  PAGE 


OMBNa.  070441188 


l^|yic  npordng  bunta  for  tliii  ulMiM  gf  Mcmiiion  n  ntinaM  n  iwagt  I  how  pir  mpoiM  induing  tht  lim  far  iniming  imtnictiow  luiclni  natini  dtti  mm 
golhofing  ond  miiMoining  tho  dato  nooM.  ond  cornploling  ond  lonoMing  tho  colliction  of  Mormition.  Song  coninonu  ngaging  tin  buniwi  oiiimou  w  anr  othir  oipoct  of  Mo 
cotoctiui  of  Momation,  including  auggoationi  for  roducing  ihia  burdaa  to  Woiliingtoo  Hoadguartara  Sanicoa,  Dmnla  lot  Monnalioii  Ogwationt  and  Raporta,  I2IS  Jolfotcoii 
Davlo  Higliway,  Suita  1 204.  Arlington.  VA  22202430Z  ond  to  tha  Olfica  of  Managamam  and  Budgat.  Papamort  Raduction  Projoct  (070441  SSI.  Waahingtaii.  OC  20S03. 


1.  AGENCY  USE  ONLY  2.  REPORT  DATE  [iREPnRT  TYPE  AND  DATES  COVERED 

_ _ July  1999 _ _ (lJul  98  -  30Jun99)  Annual  Summary 

4.  TITLE  AND  SUBTITLE  ^  1 5.  FUNDING  NUMBERS 

The  Essential  Role  of  Protein  Phosphatase- 1  in  Mitogenic  Signaling  and  Breast  Cancer  DAMD 17-98- 1-8075 


6.AUTH0R(S) 

Carey  J.  Oliver 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADORESSIES) 

Duke  University  Medical  Center 

Durham,  North  Carolina  27710 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING  /  MONITORING  AGENCY  NAMEISI  AND  ADORESSIES) 

U.S.  Army  Medical  Research  and  Materiel  Command 

Fort  Detrick,  Maryland  21702-5012 

10.  SPONSORING /MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12b.  DISTRIBUTION  /  AVAIUBILITY  STATEMENT 

Distribution  authorized  to  U.s.  Government  agencies  only 
(proprietary  inf oirmation,  July  1999)  .  Other  reguests  for 
this  document  shall  be  referred  to  U.S.  Army  Medical 
Research  and  Materiel  Command,  504  Scott  Street,  Fort 
Detrick,  Maryland  21702-5012. 


ence  that  protein  dephosphorylation  is  as  important  as  protein  phosphorylation  in 
cell  proliferation.  I  am  currently  studying  the  role  of  protein  phosphatase  1  (PPl),  a  serine/threonine 
phosphatase,  in  mitogenic  signaling  and  breast  cancer  progression.  To  accomplish  this  goal,  the 
following  objectives  are  being  addressed:  (1)  Determination  of  the  changes  in  expression  and  function  of 
MAP  kinase  and  PPl  isoforms  in  a  diversity  of  breast  cancer  cells.  (2)  Using  Xenopus  oocytes,  we  are 
delineating  the  role  of  PPl  in  the  activation  of  the  MAP  kinase  pathway.  (3)  Identification  of  regulatory 
proteins  capable  of  binding  to  PPl  and  modulating  its  function  in  mitogenic  signaling  by  screening 
Xenopus  and  MCF-7  expression  libraries.  (4)  Determination  of  the  effect  of  PPl  regulatory  proteins  on 
its  function  in  mitogenic  signaling  and  growth  regulation.  We  have  begun  work  on  objectives  one  and 
two  and  made  significant  progress  on  objective  three.  We  have  identified  a  number  of  Xenopus  proteins 
which  bind  to  PPl  and  are  focusing  on  two  proteins,  spinophilin  and  PKC  Zeta.  We  have  begun  in  vivo 
studies  of  the  interactions  between  PPl  and  these  two  proteins  and  shown  that  they  can  each  be  co- 
immunoprecipitated  with  PPl.  Future  work  will  further  delineate  the  biological  consequences  of  PPl’ s 
interaction  with  these  two  proteins. 


14.  SUBJECT  TERMS  1 5.  NUMBER  DF  PAGES 

Breast  Cancer  Protein  Phosphatase-1,  MAP  Kinase,  signal  transduction, _ 10 _ _ 

Xenopus  laevis  16. PRICE CDDE 


17.  SECURITY  CWSSIFICATION 
DF  REPORT 

Unclassified 


NSN  7540  01-280-5500 


18.  SECURITY  CWSSIFICATION  OF  THIS 
PAGE 

Unclassified 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclassified 


20.  LIMITATION  OF  ABSTRACT 


LimitpH 


Standard  Form  298  IRev.  2-891 
Prescribed  by  ANSI  Sid.  239-18  298-102 


FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army. 

Where  copyrighted  material  is  quoted,  permission  has  been 
obtained  to  use  such  material. 


Where  material  from  documents  designated  for  limited 
distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 


Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 


In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  use  of 
Laboratory  Animals  of  the  Institute  of  Laboratory  Resources, 
national  Research  Covmcil  (NIH  Publication  No.  86-23,  Revised 
1985)  . 


adhered  to  policies  of  applicable  Federal  Law  45  CFR  46 


For  the  protection  of  hioman  subjects,  the  investigator (s) 


In  conducting  research  utilizing  recombinant  DNA 


tiff 

technology,  the  investigator (s)  adhered  to  current  guidelines 
promulgated  by  the  National  Institutes  of  Health. 


it 


In  the  conduct  of  research  utilizing  recombinant  DNA,  the 


investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules . 


In  the  conduct  of  research  involving  hazardous  organisms, 
the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety 
in  Microbiological  and  Biomedical  Laboratories. 


3 


Table  of  Contents 


A.  Front  Cover  - 


B.  Standard  Form  298 


C.  Foreward 


D.  Table  of  Contents 


E.  Annual  Summary 


F.  Key  Research  Accomplishments 


page  1 


page  2 


pages 


paged 


pages  5-8 


page  9 


4 


Annual  Summary 


The  role  of  protein  phosphorylation  in  mitogenic  signaling  is  well  established. 
Much  of  the  focus  of  this  research  has  been  on  protein  kinases,  while  the  importance  of 
protein  phosphatases  has  not  been  addressed  to  the  same  extent.  There  is  growing 
evidence  that  protein  dephosphorylation  is  as  important  as  protein  phosphorylation  in  cell 
proliferation.  I  am  currently  studying  the  role  of  protein  phosphatase  1  (PPl),  a 
serine/threonine  phosphatase,  in  mitogenic  signaling  and  breast  cancer  progression.  To 
accomplish  this  goal,  the  following  objectives  are  being  addressed:  (1)  Determination  of 
the  changes  in  expression  and  function  of  MAP  kinase  and  PPl  isoforms  in  a  diversity  of 
breast  cancer  cells.  (2)  Using  Xenopus  oocytes,  a  model  system  for  the  study  of  cell 
cycle  regulation  and  the  MAP  kinase  pathway,  we  are  delineating  the  role  of  PPl  in  the 
activation  of  the  MAP  kinase  pathway.  (3)  Screening  Xenopus  and  MCF-7  expression 
libraries  to  identify  regulatory  proteins  capable  of  binding  to  PPl  and  modulating  its 
function  in  mitogenic  signaling.  (4)  Determination  of  the  effect  of  PPl  regulatory 
proteins  on  its  function  in  mitogenic  signaling  and  growth  regulation,  particularly  in 
MCF-7  breast  cancer  cells.  The  completion  of  this  study  will  define  the  role  of  PPl  and 
its  regulators  in  mitogenic  signaling  and  their  potential  contribution  to  breast  cancer 
progression. 

Objective  one  -  Levels  of  the  four  different  PPl  isoforms  in  MCF-7  cells  were 
established  by  western  blot  using  isoform  specific  antibodies  obtained  from  Dr.  Brian 
Wadzinski.  MCF-7  cells  predominately  contain  the  a  isoform  of  PPl,  with  lesser 
amounts  of  the  p  and  yl  isoforms,  and  no  appreciable  amount  of  the  72  isoform  (data  not 
shown).  Next,  the  total  levels  of  PPl  were  checked  in  several  different  breast  cancer  cell 
lines  by  western  blot  using  a  non-isoform  specific  PPl  antibody.  It  was  determined  that 
the  total  level  of  PPl  was  similar  in  SKBR3,  MD468,  MCF-7,  HBLIOO,  TH7d,  ZR75-1, 
and  a  control,  noncancerous  breast  epithelial  cell  line,  NC26  (data  not  shown).  However, 
it  is  possible  that  one  or  more  isoforms  of  PPl  has  varied  expression  levels  in  breast 
cancer  cels.  Future  work  will  determine  whether  the  levels  and  activity  of  PPl  isoforms 
and  MAPK  change  in  the  various  breast  cancer  cell  lines  when  compared  to  control  cell 
lines. 

Objective  two  -  The  initial  observation  that  Inhibitor- 1,  a  specific  endogenous 
inhibitor  of  PPl,  prevents  Mos  activation  of  the  MAP  kinase  cascade  in  Xenopus  oocyte 
extracts  has  been  difficult  to  repeat  because  of  the  extreme  variability  in  Xenopus  oocyte 
extracts.  Therefore,  we  have  temporarily  put  aside  these  experiments  and  concentrated 
on  objective  three,  which  has  produced  very  interesting  results.  Work  on  objective  two 
will  be  continued  in  the  near  future. 

Objective  three  -  We  have  performed  an  expression  screen  of  a  Xenopus  ovary 
phage  cDNA  library,  kindly  provided  by  Dr.  Sally  Kombluth,  using  digoxigenin  labeled 
PPl.  Briefly,  bacteria  were  infected  with  the  phage  library  and  grown  on  agar  plates  until 
plaques  formation  began.  Nitrocellulose  filters  were  soaked  in  IPTG  and  placed  on  the 
agar  plates  to  induce  protein  expression  in  the  phage-infected  bacteria.  The  filters  were 
then  incubated  with  digoxigenin-labeled  PPl  and  subsequently  with  an  I  '  labeled  anti- 
digoxigenin  antibody.  Then  the  filters  were  visualized  using  autoradiography  and 
positive  plaques  were  cored  and  amplified.  After  performing  two  sets  of  three  rounds  of 
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screening,  we  have  identified  37  positive  clones  which  encode  23  different  proteins  (See 
Table  1). 


Clone 

#  isolates 

Identity 

Clone 

#  isolates 

Identity 

XPBPl 

2 

putative  glucoamylase  (Gm?) 

XPBP13 

1 

Novel 

XPBP2 

3 

putative  ATP  binding  protein 

XPBP14 

1 

Novel 

XPBP3 

3 

PKC  Zeta 

XPBP15 

2 

RalA 

XPBP4 

2 

Novel 

XPBP16 

1 

Putative  Translational  Release  Factor 

XPBP5 

7 

Neurabin  Il/Spinophilin 

XPBP17 

1 

Novel 

XPBP6 

1 

Zona  peUucida  B 

XPBP18 

1 

No  Insert 

XPBP7 

1 

Novel 

XPBP19 

1 

Putative  60S  ribosomal  protein  L18A 

XPBP8 

1 

putative  adipose  differentiation  related  protein 

XPBP20 

2 

Threonyl-tRNA  Synthetase 

XPBP9 

1 

Putative  BTG  family  proteia 

XPBP21 

1 

Glutamine  Synthetase 

XPBPIO 

1 

Putative  ASMTL 

XPBP22 

1 

Putative  Tropomyosin 

XPBPll 

1 

Putative  Nucleosome  Assembly  Protein 

XPBP23 

1 

Putative  Caspase 

XPBP12 

1 

RLF 

Table  1  -  Clones  isolated  from  expression  screen  of  Xenopus  ovary  phage  cDNA  library. 

Once  the  5’  ends  of  the  clones  were  sequenced,  we  wanted  to  confirm  that  these  proteins 
were  in  fact  PPl  binding  proteins.  First,  we  attempted  to  bacterially  express  the  clones 
directly  from  the  library  vector.  Several  attempts  were  unsuccessful  at  producing  any 
protein.  We  then  produced  S^^  labeled  protein  using  an  in  vitro  transcription/translation 
reaction  to  use  in  in  vitro  binding  assays.  Unfortunately,  the  background  in  these  assays 
was  unacceptably  high.  Therefore,  we  decided  to  concentrate  on  two  known  proteins, 
clone  3  and  clone  5. 

Clone  3  encodes  for  amino  acids  49-5 10  of  the  atypical  protein  kinase  C  isoform 
zeta  which  had  been  previously  cloned  in  Xenopus.  The  atypical  PKCs,  unlike  the 
classical  PKC  isoforms,  are  not  activated  by  calcium  or  diacylglycerol,  but  by  lipids. 
Interestingly,  it  has  already  been  shown  that  PKC  Zeta  can  activate  the  MAP  kinase 
pathway  in  Xenopus  oocytes  and  cause  maturation  in  the  absence  of  hormonal  stimulus 
(1).  Thus,  it  is  exciting  to  hypothesize  that  the  mechanism  of  action  of  PPl  in  oocyte 
maturation  is  to  activate  PKC  Zeta  and  subsequently  the  MAP  kinase  pathway. 

However,  it  is  unknown  whether  or  not  PKC  Zeta  is  in  the  same  pathway  as  Mos.  Our 
future  research  will  address  this  question.  To  further  delineate  the  PKC  Zeta/PPl 
interaction  we  have  obtained  several  myc-tagged  PKC  Zeta  constructs  from  Dr.  Peter 
Parker  and  expressed  them  in  HEK-293  cells  to  look  at  the  in  vivo  interaction  with  PPl. 
There  are  two  sites  on  PKC  Zeta  which  are  especially  important  for  its  activation,  the 
pseudosubstrate  domain  and  Threonine-410.  Threonine -4 10  is  in  the  activation  loop  of 
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the  kinase  domain  and  the  protein  is  activated  when  phosphorylated  on  this  residue.  This 
phosphorylation  releases  the  pseudosubstrate  domain  from  the  catalytic  site  allowing 
PKC  Zeta  to  phosphorylate  its  substrates.  We  have  shown  that  endogenous  PPl  can  co- 
immunoprecipitate  wild-type  and  constitutively  active  mutants  of  PKC  Zeta  (A1 19E  or 
APSS),  but  not  kinase  dead  PKC  Zeta  mutants(T410A)  (Figure  1). 


Anti-PPl  IP 
Anti-myc  WB 

I 

Anti-myc  IP 
Anti-myc  WB 


Figure  1  -  Co-immunoprecipitation  of  PPl  and  myc-PKC  Zeta  from  HEK-293  cells. 
Breifly,  various  myc-tagged  PKC  Zeta  constructs  were  transiently  overexpressed  in 
HEK-293  cells,  the  cells  were  lysed,  and  immunoprecipitated  with  either  PPl  or  myc 
antibodies.  Samples  were  run  on  SDS-PAGE,  transferred  to  nitrocellulose,  and  blotted 
with  anti-myc  antibody.  The  higher  molecular  weight  band  is  PKC  Zeta. 


In  addition,  PKC  Zeta  can  not  be  isolated  from  HEK-293  cell  lysates  using  microcystin 
sepharose,  a  small  molecular  weight  marine  toxin  which  binds  to  the  catalytic  site  of  PPl 
(data  not  shown).  This  suggests  that  PKC  Zeta  may  be  a  substrate  of  PPl.  In  support  of 
this  idea,  a  recent  paper  has  shown  that  okadaic  acid,  a  PP 1  and  PP2A  inhibitor,  can 
activate  PKC  Zeta  in  3T3  LI  adipocytes  (2).  Future  research  will  further  study  the  nature 
of  this  interaction  and  the  biological  consequences  of  it. 

Clone  5  encodes  for  amino  acids  1-719  of  spinophilin/neurabin  11,  a  previously 
identified  PPl  binding  protein  which  is  ubiquitously  expressed  in  mammalian  tissues. 
Spinophilin  contains  an  N-terminal  actin-binding  domain  followed  by  a  PPl  binding 
motif.  It  also  has  a  PDZ  domain  and  a  C-terminal  coiled-coil  motif.  This  protein  has  not 
previously  been  cloned  from  Xenopus.  Thus,  we  have  learned  from  a  sequence  alignment 
of  the  rat  and  frog  proteins  that  the  PPl  and  PDZ  domains  are  highly  homologous, 
indicating  that  these  regions  are  very  important  for  spinophilin  function.  In  addition,  we 
have  been  able  to  co-immunoprecipitate  endogenous  PPl  with  endogenous  spinophilin. 
We  have  also  been  able  to  purify  spinophilin  using  microcystin  sepharose  indicating  that 
it  is  not  a  substrate  for  PPl  (data  not  shown).  We  have  also  shown  that  spinophilin  is  a 
phosphoprotein  in  vivo  and  a  PKA  substrate  in  vitro  (data  not  shown).  How  this 
phosphorylation  affects  PPl  binding  and  spinophilin  function  inside  a  cell  will  be  a 
subject  of  future  study.  In  addition,  we  will  attempt  to  determine  spinophilin’ s  effect  on 
oocyte  maturation  by  microinjection  of  antisense  oligonucleotides  or  peptides  which 
disrupt  PPl  binding. 

Objective  Four  -  work  has  not  yet  begun  on  objective  four. 
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Key  Research  Accomplishments 


•  Determined  levels  of  different  PPl  isoforms  in  MCF-7  cells 

•  Determined  total  levels  of  PPl  in  several  different  breast  cancer  cell  lines 

•  Screened  a  Xenopus  ovary  phage  cDNA  library  using  digoxigenin-labeled  PPl  as  a 
probe.  Focused  attention  on  2  clones  for  further  research 

•  Showed  association  of  PPl  and  PKC  Zeta,  as  well  as,  PPl  and  spinophilin  in  HEK- 
293  cells  by  co-immunoprecipitation 

•  Showed  that  spinophilin  could  be  isolated  using  microcystin  sepharose  and  PKC  Zeta 
could  not  be  isolated  using  microcystin  sepharose 

•  Established  that  spinophilin  is  a  phosphoprotein  in  vivo  and  a  PKA  substrate  in  vitro 
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1.  The  U.S.  Army  Medical  Research  and  Materiel  Command  has 
reexamined  the  need  for  the  limitation  assigned  to  technical 
reports  written  for  grants.  Request  the  limited  distribution 
statements  for  the  Accession  Documents  listed  at  enclosure  be 
changed  to  "Approved  for  public  release;  distribution  unlimited." 
These  reports  should  be  released  to  the  National  Technical 
Information  Service. 

2.  Point  of  contact  for  this  request  is  Ms.  Judy  Pawlus  at 
DSN  343-7322  or  by  e-mail  at  judy.pawlus@det.amedd.army.mil. 


ACCESSION  DOCUMENT  NUMBERS 


ADB266028 

ADB259887 

ADB259894 

ADB259837 

ADB258947 

ADB274390 

ADB262488 

ADB257222 

ADB274382 

ADB258931 


